tion. Its discrimination from other causes of acute Background. Despite marked improvements in the suc-graft dysfunction is critical to the management of cess of solid organ transplantation, a significant per-kidney transplanted patient and often poses a difficult centage of transplanted organs is lost due to recurrent clinical problem. Noninvasive assessment is frequently episodes of acute cellular rejection. The mechanisms inconclusive, and the differential diagnosis still relies that govern allograft rejection likely include a complex on transplant biopsy, which however appears less than regulatory network of multiple cytokines and growth perfect as a 'gold-standard'. This has led to attempts factors.
Introduction
acterized by a variable degree of tubulo-interstitial damage, namely acute cellular rejection (AR) andPatients and were considered as baseline.
Urine samples were also obtained by 20 healthy controls Twenty-nine patients (20 males, 9 females, age range 15-51 and by 20 kidney transplanted patients with stable graft years) with acute deterioration of kidney graft function function. (increase of plasma creatinine >20% over baseline, associQuantitative determination of the IL-6 and EGF levels in ated or not with oliguria) were admitted to the study. The urine was performed using a human IL-6 and a human EGF acute episode occurred 3.6±0.6 months (range 1-9 months) Elisa Kit (Biotrak, Amersham, UK ), a multiple-sandwich after kidney transplantation. All patients underwent renal solid-phase enzyme immunoassay which uses monoclonal biopsy as part of the investigation of graft dysfunction. and polyclonal antibodies raised against human IL-6 and Clinical evaluation included ultrasound examination to rule EGF proteins and has been validated for use in urine and out obstruction and urine culture to exclude bacterial or plasma [7] . IL-6 and EGF concentration was expressed in pg mycotic infection of the urinary tract. If the patient was (or ng)/mg urine creatinine. The lower detection limit was febrile, investigations included blood cultures and routine 0.7 pg/ml for IL-6 and 8 pg/ml for EGF. IL-6/EGF ratio chest X-ray was performed. Viral serology, including the was calculated as pg IL-6/mg urine creatinine divided by ng immediate early CMV antigenemia, was performed as dir-EGF/mg urine creatinine ×1000. ected by clinical circumstances. Patients with infections were excluded from further analysis.
Statistical analysis
The diagnosis of the cause of graft dysfunction was based on clinical findings and always confirmed by histological Data are expressed as mean±SEM. Statistical comparison examination.
between groups was performed by paired or unpaired t-test, Acute cellular rejection was graded histologically according and Mann-Whitney or Wilcoxon test, as appropriate. to the Banff system [17] . In all cases, it was treated with Correlations were evaluated by Spearman rank test. high dose steroids: 1 g methylprednisolone/day for 3 consecutive days.
Results

Renal studies Patients
Kidney allograft biopsy was performed in all the patients admitted to the study. Allograft biopsies of three normal Sixteen patients showed histological and clinical evidfunctioning human kidneys, performed within 6 months from ence of AR. Eleven of them had a complete recovery. transplantation, as well as 10 normal appearing portions of Three patients had a partial recovery of graft function, kidneys removed for renal carcinoma, were used as controls. but underwent irreversible rejection with graft loss
The gene and protein expression of IL-6 and EGF in within the following 6 months. Two patients showed biopsy specimens was evaluated by in situ hybridization and a partial recovery from acute dysfunction and on graft immunohistochemistry, respectively, exactly as described [7] . biopsy performed after 6 months displayed a picture
The identification of tubular segments was performed as of chronic allograft nephropathy.
previously reported [11] .
The remaining 13 patients displayed a histological picture of ATD, with focal interstitial infiltrate and Microscopy studies without signs of tubulitis or intimal arteritis. All of them had a complete recovery of graft function within
The histologic lesions and the optical density of the signals a few days from the acute episode, without any specific generated by the new fuchsin (immunohistochemistry) and treatment: eleven patients revealed definitely high consilver grains (in situ hybridization) were quantitated by a computer-based morphometric analysis system [7] . Two centrations of cyclosporin (trough concentrations observers independently assessed morphological changes as >400 ng/ml, by cyclosporine monoclonal whole blood well as in situ hybridization and immunohistochemical signals TDX, Abbott).
in a double-blind protocol, as previously described [18] .
The structures of interest were interactively discriminated Renal studies by the operators using the cursor and then automatically measured for total area. Number and density of pixels In normal kidney, EGF gene and protein expression generated by silver grains and new fuchsin were quantified was mainly distributed in Henle's loop and distal in five to eight randomly selected glomeruli or interstitial convoluted tubules, and colocalized with areas from each biopsy. The resulting counts divided by the Tamm-Horsfall staining (data not shown), while the total area gave the measures desired, which were expressed glomerulus, the remaining tubular segments, the in arbitrary units.
interstitum and the vascular tree were negative ( Figure 1A , B; Figure 2A ) [11] . In normal renal tissue, Urine collection and urinary IL-6 and EGF assay IL-6 mRNA and protein expression was faintly observed within some portions of tubules ( Figure 1E , Urine samples were collected over a 9-h period the night F; Figure 2B ). IL-6 cRNA antisense probe and antibefore performing kidney graft biopsy (day 1). Then, urine IL-6 antibody did not label either the glomerulus or samples were obtained on the 7th day, shortly after antithe vascular tree and the interstitium. By immunohistorejection treatment, in patients with AR, and on the 21st day in all the patients examined. For each of the patients chemistry, IL-6 was mostly found intracellularly, with a diffuse intracytoplasmatic pattern ( Figure 2B ). As phometric analysis and expressed in arbitrary units.
In acutely rejecting allografts, IL-6 was up-regulated demonstrated by endogenous alkaline phosphatase staining, the tubules expressing IL-6 were of proximal both at the transcriptional and post-transcriptional level ( Figure 1G , H; Figure 2D ). IL-6 signal localized origin, while tubules positive for the Tamm-Horsfall protein (Henle's loop and distal convoluted tubules) to proximal tubular cells and interstitial mononuclear cells. Serial sections of the same biopsy specimens were turned out to be negative (data not shown).
Acutely dysfunctioning kidney allografts displayed assayed with either IL-6 antibody or anti-CD 68 antibody specific for human monocytes/macrophages. This a marked down-regulation of EGF gene and protein expression without any modification of signal distribu-allowed to demonstrate that IL-6 protein was diffusely expressed by most infiltrating cells and was not limited tion ( Figure 1C, D) . Figure 3 shows the specific gene transcript levels, quantitated by computer-based mor-to CD-68 positive cells (data not shown). We were unable to detect any modification of IL-6 expression in biopsy specimens with ATD/CyA toxicity stable IL-6/EGF ratio during periods of stable graft ( Figure 2F; Figure 3) . function (not shown). Urine IL-6/EGF ratio strictly correlated with serum Urine samples creatinine throughout the period of study (Spearmann Rank coefficient r: 0.603; P<0.0001).
Kidney transplanted patients with a stable graft func-
The five patients with a partial recovery from acute tion had urinary levels of EGF which were at least dysfunction showed a slow and incomplete decrease of 50% lower than normal healthy controls (6.28±1.52 urine IL-6/EGF ratio, which was several fold higher vs 12.96±1.15 ng/mg urine creatinine). During acute than baseline even after 21 days (baseline: 0.59±0.173; graft dysfunction, all patients showed a dramatic day 1511.17±2.87; day 2154.93±1.56). decrease in EGF excretion rate, which persisted for Of note, we could evaluate urine samples collected Á21 days after the acute rejection episode ( Table 1) .
within 1 week before the clinical onset of acute episode In acutely rejecting patients, this was accompanied by in seven patients with AR and in six patients with a consistent increase of urine IL-6 concentration ATD: the former group showed a moderate increase (normal healthy controls: 1.04±0.51 pg/mg urine creaof IL-6/EGF ratio (2.93±0.71, P<0.05), whereas the tinine) which was almost completely absent in patient latter did not show any significant modification. with ATD ( Table 1) .
Finally, renal expression of IL-6 and EGF strictly Thus, urinary IL-6/EGF ratio in patients with AR correlated with the urinary excretion of the cytokine markedly differ from patients with ATD (Figure 4) . and the growth factor in each of the patients examined In fact, the former group showed a several fold increase (r: 0.459; P: 0.001). of urinary IL-6/EGF ratio during acute dysfunction, whereas the latter group of patients displayed only a slight increase which never exceeded 3-fold. Urine Discussion collected after 7 days from the onset of acute rejection showed a dramatic drop of IL-6/EGF ratio, due to the decrease of IL-6 excretion, which returned to the We demonstrated that kidney transplanted patients with acute graft dysfunction displayed a strong reducbaseline within 3 weeks ( Table 1 and Figure 4 ). Of note, individual transplant patients displayed a fairly tion of EGF expression within the cells of the ascending limb of Henle's loop and the distal convoluted tubule, reports which detected IL-6 specific expression with high frequency in biopsy or nephrectomy specimens of which roughly corresponded to the extent of tubulointerstitial damage. In acutely rejecting allografts, this rejecting human allografts [23] [24] [25] . Moreover, we report that IL-6 protein expression localizes to the was accompanied by a sustained positivity of IL-6 signal, which localized to infiltrating mononuclear cells, same cell types expressing the specific transcript i.e.
infiltrating mononuclear cells and proximal tubular and to proximal tubular cells. The urinary pattern of IL-6 and EGF excretion closely reflected their altered cells.
Previously, some studies measured urine IL-6 levels expression and distribution within the allograft.
The expression and distribution of EGF was previ-in kidney transplanted patients with acute graft dysfunction, reaching conflicting results [26] [27] [28] . Very ously investigated in a rat model of renal allograft rejection [19] . In acute rejection, strong immunoreac-recently, Waiser and coworkers evaluated urine IL-6 levels in a cohort of 145 kidney transplanted patients tivity was seen diffusely distributed throughout the tissue, whereas preproEGF mRNA levels were strongly and found that the cytokine is a sensitive indicator of rejection, although infection and acute tubular necreduced. We could confirm a remarkable decrease of EGF gene expression in acutely rejecting human kidney rosis, but not cyclosporine nephrotoxicity, also induce IL-6 production [29]. allografts, without any increase of immunohistochemical staining, which may reflect interspecies differences
In conclusion, kidney transplanted patients with acute cellular rejection or acute tubular damage/CyA in the cell types involved in the mechanism of cellular rejection. Then, we extended the above observation to nephrotoxicity exhibit a distinctly different pattern of intragraft expression of IL-6 and EGF, which is closely acutely dysfunctioning, not rejecting, allografts, which exhibited a similar pattern of EGF expression. The reflected in their rate of urinary excretion. Moreover, the changes of urine IL-6 and EGF levels over time reduction of EGF expression may simply reflect tubular damage or represent the response to an inhibitory seemingly reflected kidney graft recovery after acute injury. Urine IL-6 concentration markedly decreased signal. It may appear relevant that we were able to observe a definite decrease of EGF signal also in some within a few days from successful anti-rejection therapy, likely depending on a direct inhibitory effect relatively well preserved areas of the graft, despite the lack of tubular necrosis. Recently, we could reveal a of high dose corticosteroids on IL-6 producing cells.
On the contrary, EGF urinary levels increased toward dramatic decrease of EGF mRNA and protein in patients with acute tubulo-interstitial damage of the normal only several days after the recovery from the acute phase. Of note, in five patients who did not native kidney [11] . On the other hand, it has been reported that in acute tubulo-interstitial diseases of recover from acute cellular rejection we observed persistently low levels of urinary EGF and a limited distinctly different character, involving both the native and the transplanted kidney, the distal nephron is the decrease of urinary IL-6 over time. Further studies are warranted to evaluate the clinical utility of such potenmain site of tubulitis [20] . Therefore, EGF may represent a sensitive marker of acute tubular injury and is tial markers as well as the prognostic value of sequential measurements of IL-6 and EGF in the individual possibly involved in the pathogenesis of acute tubulointerstitial damage.
transplanted patient. Urinary EGF originates almost exclusively from the kidney [12, 13, 21] . In the transplanted kidney, urine Acknowledgements. We thank Dr G. 
